
Draft
Environmental Setting-

Affected Environment

Bay Delta
Hydrodynamics and
Riverine Hydraulics

~ CALFED
--~ BAY-DELTA

PROGRAM

H--000259
H-000259



CALFED Bay-Delta Program
Environmental Setting- Affected Environment

Bay-Delta Hydrodynamics and Riverine Hydraulics

I. SUMMARY

Existing conditions for the CALFED study area are discussed with a focus on those elements of
the svstem that govern the hydraulic and hydrodynamic conditions. The study, area includes the
Sacr:~mento-San Joaquin Delta Estuary (the Delta), a portion of San Francisco Bay, and th_os_~.~
areas of the Sacramento and San ~loaquin Rivers that could potentially be affected.by-the-’-
CALFED program. Hydrodynamtc cond~tions addressed In thin report include channel      ~-.~
discharge, flow v~Iocity, flow depth, and top width ofeharmels’~it va~i.’~ous points throughout the
study area. Representative study locations were selected throughout the Delta and river systems.
These locations serve as a focal point for identifying potential program-induced changes to
hydrodynamic conditions that are discussed in the environmental consequences report. Study
locations include 16 channel segments within the.Delta. 9 sections along the Sacramento River
and its tributaries, and 3 locations along the San Joaquin River. In addition, this report includes a
discussion of salinity within the Delta, particle tracking throughout the Delta, a~nd "X2," which is
the location of a regulated salinity contour expressed as distance from the Golden Gate bridge

II. INTRODUCTION

Delta hydrodynamic conditions influence the movement of water in Delta channels, such as tidal
forces and inflows, and the affect the movement of water in Delta channels, such as changes in
channel flows and stages and changes in outflow. Delta hydrodynamics depend primarily on the
physic~;l arrangement of Delta channels, inflows, divdrsions, and exports, from the Delta and
tides. Delta hydrodynamics govern channel flows and Delta outflow dynamics. Channel flows
influence water quality, for example, its salinity and dissolved organic carbon, and influence the
movement of fish and entrainment of vulnerable organisms (e.g., larval fish and the organisms on
which they feed). Delta outflow dynamics have important effects on salinity intrusion .and
estuarine habitat and conditions.

The discussion of fiver hydraulics addresses the movement of water within the principal stream
channels of the Sacramento and San Joaquin River regions influenced by operation of the
California Water Project (CVP) and the State Water Project (SWP). The focus of the discussion
is on discharge and its relation to stream velocity, hydraulic geometry (width and depth of the
stream), and sediment carrying capacity. Each of these variables has in common a dependence
on discharge; that is, if other factors remain the same, a change in discharge will result in a
change in the velocity, width, depth, and sediment loading. Temperature and salinity, two
additional parameters that relate to dyer:hydrodynamics, also are discussed. Changes in these
water quality parameters depend not only on changes in magnitude of discharge but on
differences in the quality of discharges from different sources.
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111. .SOURCES OF INFORMATION (SWRCB). The data .used in this report were
obtained from the DWR’s internet site at

Sources of information for the historical http://wwwhydro.water.ca.gov/sv,’rcb.html.
perspective on the San Francisco Bay-Delta Study 1995C06F-SWRCB-469, as well as
include the California Water Plan Update, other studies performed by DWR for the
Bulletin 160-93 (DWR 1994) and the Water SWRCB, are described in the SWRCB’s
Quality Control Plan for the San Francisco September 12, 1996, report "Bay/Delta Draft
Bay/Sacramento-San Joaquin Delta Estuary EIR Alternatives Under Consideration."
(SWRCB 1995). Additional information concerning the

assumptions used in the model were
Current resources for the flows, velocities, obtained from the internet web site
stages, mass fate. central Delta outflow, and referenced above. Detailed informatio~
salinity in the Delta region are estimated describing the DWRSIM model is contained
based on hydrodynamic modeling of the in [reference to be provided].
Delta region using the Delta simulation
computer model (DWPd)SM l ). Specific Equations relating average stream veloci~’,
information about the modeling effort is average stream width and stream depth, and
contained in [reference to be provided], sediment loading to discharge were
Table 3.1-1 shows key__~jlocations in the Delta developed using data for selected stations

./~,andtheir surface area~ vol~~ean depth_~ from 1967 to the present, obtained from the
an~.~a~-_~u.~n ~t.he .h_y_~,~ic USGS Water Resources Division (Shiffer.

--’~odeling effort.~ ,ag"-~’-*’.’~-r,S"-f~/’- ’ ’personal communication. 1997).
¢

The primary sources of historical information IV. ENVIRONMENTAL SETTING
. . " . "

on rivers m the Sacramento and San Joaqum

pR~;[s ~e~i ~nvSt~ree ~at~re~So~c~du~ae~ep°rts
4.1 Study Area

(USGS 199~1a. 1994b). and’~he California The study area for this report includes the
Water Plan Upda,e (DWR 1994). Historical Sacramento River and San Joaquin River
daily stream flow records for selected USGS hydrologic regions and San Francisco Bay.
s~ream gauging stations were obtained from The lowermost portion of the Sacramento
the U.S. Geological Survey’s "California River and San Joaquin P~iver regions is the
Surface-Water Data Retrieval" page on the Sacramento-San Joaquin Delta (Figure 4.1-
interact at htt’p:lllt2o.~sgs.govlnwis-wlCA1. 1). The San Francisco Bay (Figure 4.1-2),

which includes Suisun, San Pablo Central,
The most recent resources for river flows and South bays, extends about 115 miles from
were estimated based on computer modeling the east end of Chipps Island (in Suisan Bay
by the Department of ~W,~,ter Resources using near the city of Antioch) westward and
the, ..........modeI DWRSIM. Mo~lel., southward to the mouth of Coyote Creek
,,,,,,.,,,, ,.,.,,~,,~,,,,, t~, ...., ,’o,’,’,’~,’,’"-’-"^-- (tributary to South Bay near the City of San

~btamed from study 1995C06F- Jose). The Golden Gate eoimects San
SWRCB-469, which was completed by the Francisco Bay to the Pacific Ocean. The
Department of Water Resources (DWR) for river study area and the locations of points
the State Water Resources Control Board
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¯ Table 3.1-I. Delta channel geometry used injmodeling.

, ,. . /
Sdace ~ea Vol~ of Dep~ I/

/. B tow
Ch~el Segment Se~ent MS~/

S~ Joaquin ~ver at Fou~een ~il~ Slough 22 77.4 2,405 31 1 ~9,000
S~ J0aquin ~ver at ~tioch 51 875.1 21,989 25.1 22,251,000
Old ~vcr at Mossd~e 54 12.6 102 8.1 205,000
Old ~ver at Fabi~ T~ct 76 28.0 143 5.1 143,000
Old ~ver at Woodw~d Isled ~J 56.7 ~12 16.1 4,233,000
Old ~ver at Fr~s Tract 121 ~7.~ 58~ 10.1 873,000 .
Middle ~ver at Woodw~d Isl~d 143 ~0.~ ~27 17.1 2,975,000
Grit Line C~al 209 21.8 285 13.1 750,000
Victoda Cmal 228 34.4 347 10.1 870,000
Delta Cross Ch~el 365 29.2 470 16.1 1,666,000
Georgian Slough 366 24.7 348 14.1 586,000
Diversion to Suuer/Ste~boat Sloughs 379 10.8 196 18.1 673,000
Miner Slough 388 54.1 762 14.1 761,000
Sacr~ento ~ver at ~o Vista 430 758.2 19,030 25.1 35,734,000
Mokel~e ~ver, No~ Fork 362 49.4 993 20.1 1,809,000
Mokel~e ~ver, South Fork 343 51.5 881 17.1 1,808,000
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used in the evaluation of river hydraulics are Central Valley Project Improvement Act
shox~T~ on Figure 4. 1-3. (CVPIA) of 1992. The CVPIA covers the

following primary areas:
Very little of the water that falls as rain or
snow within the region flows unregulated out * Limiting on new and renewed CVP
of the Sacramento River and San Joaquin contracts;
River regions. Instead. this water is intensely ¯ Conserving water and other water
managed to extract from it the maximum management actions;
benefit. The water is managed through a ¯ Transferring water;
system of storage facilities and conveyances ¯ Establishing fish and wildlife restoration
that enable water managers to deliver water at actions; and
the time and places where it provides the ¯ Establishing an environmental
greatest benefits. In the past. these benefits, restoration fund.
or beneficial uses, have been broadly
classified as municipal and industrial. Many of the measures in the CVPIA directly
agricultural, and fish and wildlife. As affect the flows in rivers and the Delta.
management capabilities increase and the Specifically, the CVPIA requires the
effects of management decisions on various followin~ ~’ ¯
systems are increasingly understood.
beneficial uses have been defined in greater * At least an 8,000 cubic foot per second
detail. The State Watei- Resources Control (cfs) pulse flow from Keswick Dam for a
Board lists 17 specific beneficial uses of five-day period in late April to assist
water in the Bay-Delta Estuary, each of downstreammigration of juvenile fall-
which is protected. Since stream channels run chinook salmon and to provide the
are used as water conveyances, the rules that pulse flow needed in the Delta for Delta
govern the timing and magnitude of storage smelt and striped bass.
and release of water resources determine to a * At least 4,000 efs releases from Keswick
great extent the timing and magnitude of in- Dam to the Sacramento River from
stream flows. The principal regulations October through March and at least
affecting river and delta flows are discussed 1,750 cfs releases from Nimbus Darnto
in Section 4.2. the American River from October

through February. These releases
4.2 Regulatory Context eliminate flbw fluctuations for the

spawning, incubation, and rearing of
The quantity, quality, ~d timing of flows in fall-run and late fall-run Chinook salmon
river and Delta channels, particularly during and steelhead trout.
below normal runoff years, increasingly * The Delta Cross Channel gates must be
depends on the complex body of laws, closed during May to reduce entrainment
regulations, plans, and policies that have of downstream migrating fall-run
evolved to set priorities for allocating the Chinook salmon, striped bass eggs and
resource among its beneficial users. The laxvae, and other Delta species.
following section describes the regulatory ¯ Two pulse flows from New Melones
e0ntext as it pertains to channel flows. Reservoir of at least 1,500 efs from April
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of Water Right Decision 1485 in 1978. ¯ Water transfers;
Decision 1485 set forth conditions, including ¯ Releases of water for fish;
water quality standards, export limitations. * Fish protection;
and minimum flow rates, for SWP and CVP * Endangered species; and
operations in the Delta and superseded all ¯ Suisun Marsh.
previous water rights decisions for these
operations. Decision 1485 established flow 4.3 Other Information
and water quality standards to protect three
beneficial uses-- municipal and industrial The Department of Water Resources has
water supply, agriculture, and fish and developed computer models to simulate
wildlife, operation of the CVP-SWP network of

storage and conveyance facilities.
In formulating Decision 1485, the SWRCB DWRSIM is one of the primary tools used
asserted that Delta water quality should be at by the Department of Water Resources to
least as good as it would have been if the plan the operation of the reservoirs and
SWP and CVP had not been implemented, conveyances and to allocate water within the
The standards included different levels of SWP and CVPo-b~c~letailed description of /~.
protection to reflect variations in hydrologic beyond the scope of this
conditions during different types of water detailed description of
years. Decision 1485 also included water presented in [reference to be
quality standards for Suisun Marsh. provided].

Decision 1485 was overturned in 1984. but it The output from DWRSIM includes
remained in effect pending appeals was calculated monthly flow volumes
reinstated in 1986 by the Racanelli Decisk,n. representing the amount of water_ in

thousands of acre-feet (TAF) that passes a
Later in 1986. DWR and the U.S. Bureau of control point defined in the model. These
Reclamation (USBR) signed the Coordinated volumes can be readily converted to an
Operation Agreement (COA). obligating the average monthly flow rate (i.e. discharge),
CVP and the SWP to coordinate their expressed in efs. With a few exceptions, the
operations to meet Decision 1485 standards, control points generally represent locations
The COA helps ensure that the CVP and the within the storage and conveyance system.
SWP will be operated more efficiently during Typically, the control points are where
periods of drought than if they were operated diversions, storage, downstream flows,
independently, and it ensures that each regulatory required flows, or tributary
project receives an equitable share of the inflows need to be adjusted or evaluated.
Central Valley’s available water. DWRSIM ~ilso contains a module to

calculate the X2 location in the Delta
Other laws and regulations may indirectly_.----_.    Estuary ....
affectDeltahydrodynamicsandfiver//~-~,,~,,,~,,,~tl~~. ,~. tXl,~ lt l k,i,tl ~l.gled/t ~ ~t ~l rll U/O ~�,,�~.

hydraulics. These include !aws and/" ::~,~.. ~~at’:c, as ~c,’fe,."med b)-.ff, e Do.~RS/~
regulationson

The model represents
¯ Water use efficiency: ,~-~">’ the storage and conveyance facilities as they
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existed in 1994. The simulation of existing The modeling of the Delta using
conditions reflects how available water from DWRDSM 1 for the CALFED Programmatic
October 1921 through September 1994 would EIR/EIS includes hydrodynamic modeling
have been allocated. (This same set of (i.e., flows, velocities, and stages), mass
hydrologic inputs representing water years tracking studies, and salinity modeling. The
1922 through 1994 is used in simulations of hydrodynamic modeline was oerformed
alternative configurations to study the using 16 years of~hy~to~t,3. (O~tob~. r
potential effectson outflows for a reasonably ’ 1975 to September 1991)~ monks ~,~c~,~-~
wide range of inflows). The 1994 allocation were selected to represent various flow
rules were used in the existing conditions . conditions in the Delta: March 1983,
~imulations. The results of these simulations representing high inflow e.onditions;Oetober
are used to describeexisting hydrau!ie .1989, representing low inflow/high pumping
conditions in the Sacramento River and. San conditions; and July 1991, representing low
Joaquin River regions in the second part of inflow/low pumping conditions. Input
Sections 4.6 and 4.7. ¯ streamflows were determined using

bc~rA h~>’~/’l’~a’~’2"~ V’~,~ ~ v’,.~ t4),d,,t,~,|,~-x DWRSIM with projected 2020 demands.
Before ifdisclqarges to the San Francisco DWRDSMI output included monthly
Bay. stream flow from the Sacramento River average, minimum, and maximum tidal
and San Joaquin River re~ions passes throughflows a~ velocmes ~r ea~’~’annel m the
the Sacramento-San Joaquin Delta. Channel.modeling .network, a_~_d stages ~_t ~a:~ .n~a in
hydraulic processes in the region upstream, of the modeling ,’-.~:::’erk. A subset of the
the Sacramento-San Joaquin Delta are channels ~ was analyzed in this
dominated by flows toward the Del.ta. Tidal report.
effects are generally small enough upstream

. .of the Delta to be ignored. However, in the The mass tracking stud2es were performed
Delta. tidal flows into and out of San for selected locations within the Delta¯ / ~ ~.
Francisco Bav strongly influence the Mass was conunuously ~at a
magnitude and direction of flow in Delta particular location and tracked to determine
channels and cannot b~ .ignored. Analysis of its eventual fa.te in/the Delta. Injection

¯ i~�./t,,a .
the combined, effects of tidal flows and locauons ~ the Sacramento River
nontidal flows in the Delta and San Francisco at Freeport, the San Joaquin River at
Bay requires different analytical tools from Vernalis. Terminous,’San Andreas Landing,~¢t~,
those used to-analyze the flows upstream of Prisoners Point, the Sacramento River at Rio
the Delta. For this reason, Delta and Bay Vista, and thF..San Joaquin River at Jersey .
hydrodynamics are discussed separately from Point..ma~I~ms-~mjectea mass are-as
river hydraulics in this report. ~ Contra Costa Canal, export~La-A ~’/t,~.0~?d/~t’--~./~b W~T~_R., tRt,’At-~rV.t,’locations, trapped on Delta islands,
The Department of Water Resources ~o~-’t’~~remaining in the Delta channels and

~
DWRDS~ 1 model ~s, gn~ ofth,~ pnma~,~. I~~J~’~’ "~ate~ays, or flowing out oft~e Delta past.
tools used to~,~’~acr~n~m-r~ " Chipps Island. Four months were also
Joaquin Delta. A detailed description of the selected for analysis based on fish and
model is be3iond the scope of this report, but wildlife concerns: February 1979,
a description of the model is presented in representing high inflow/high pumping
[reference to be provided], conditions; April 1991, rep~esenting

CALFED Bay-Delta Prosram Bay-Delta Hydrodynamics and giverine Hydraulics
Draft Affected Environment Technical Report July 1, 1997

I0

H--000265
H-000265



existed in 1994. The simulation of existing The modeling of the Delta using
conditions reflects how available water from DWRDSM 1 for the CALFED Programmatic
October 1921 through September 1994 would EIR/EIS includes hydrodynamic modeling
have been allocated. (This same set of (i.e.. flows, velocities, and stages), mass
hydrologic inputs representing water years tracking studies, and salinity modeling. The
1922 throuoh 1994 is used in simulations of hydrodynamic modelin~ was oerformed
alternative configurations to study the using 16 years of~,hydr’o~ta (Octob9. r
potential effects on outflows for a reasonably ¯ 1975 to September 1991)~Y’~ mo~s
wide range of inflows). The 1994 allocation were selected to represent various flow
rules were used in the existing conditions conditions in the Delta: March 1983,
simulations. The results of these simulations representing high inflow conditions; October
are used to describe existing hydrau!ie 1989, representing low inflow/high pumping
conditions in the Sacramento River and San conditions; and July 1991, representing low
Joaquin River regions in the second part of inflow/low pumping conditions. Input
Sections 4.6 and 4.7. stream ¯flows were determined using

/:~- "r’A dYtV’ot/~ia~"’~-’~ V’% ~i~ ~rd~t=,l,t..x DWRsIM with projected 2020 demands.
Before it discli’arges to the San Francisco DWRDSM 1 output included monthly
Bay. stream flow from the Sacramento River average, minimum, and maximum tidal
and San Joaquin River regions passes throughflow:~ ~M veloemes~’~h~d~annel m the
the Sacramento-San Joaquin Delta. Channel.modeling .network, arid st_ages zt e"-ck n~.~e ~n
hydraulic processes in the region upstream, of the _,:r,_ od~’!~.ng net’:.’erk. A subset of the
the Sacramento-San Joaquin Delta are channels and-nodes was analyzed in this
dominated by flows toward the Del.ta. Tidal report.
effects are generally small enough upstream " . .

of the Delta to be i~nored. However. in the The mass tracking studies were performed .~.,,- ,,,,--
Delta. tidal flows into and out of San for selected locatmns wxthtn the Delta. /
Francisco Bay strongly influence the Mass was eonunuously ~at a
magnitude and direction of flow in Delta particular location and tracked to determine
channels and cannot b~ ignored. Analysis of ~ts eventual fa!te ln~the Delta. In.lect~on¯ . ~.~a .
the combined effects of tidal flows and locanons ~ the Sacramento River
nontidal flows in the Delta and San Francisco at Freeport, the San Joaquin River at
Bay requires different analytical tools from Vernalis, Terminous, San Andreas Landing,’
those used to analyze the flows upstream of Prisoners Point, the Sacramento River at Rio
the Delta. For this reason, Delta and Bay Vista, and ~F,_San Joaquin River at Jersey ..
hydrodynamics are discussed separately from roznt. -ma~pomzs-m~znjectea mass are-as
river hydraulics in this report. ~ Contra Costa Canal, export

.....~ I~T/~ ~y/:~0t~,/~l~t~lc.~, ~i~ WAI"~_R., t~0./~-_zV~6’locations, trapped on Delta isIands,
The Department of Water Resources ~o_z~a.. ~remaining in the Delta channels and
DWRDSM1 ~,~,.d~el~i~_?tn~ of~.pnm.a~. I~oo-*~;lWaterways, or flowing out of the Delta past
tools used to~an~ t~e [;ac~-~g~" . Chipps Island. Four months were also
Joaquin Delta. A detailed description of the selected for analysis based on fish and
model is beyond the scope of this report, but wildlife concerns: February 1979,
a description of the model is presented in representing high inflow/high pumping
[reference to be provided], conditions; April 1991, representing
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medium inflow/low pumping conditions: During the mid-1800s, the Delta, an area of
’ - - October 1989. representing low inflow/high nearly 750,000 acres, was mostly a tidal

pumping conditions: and July 1991. marsh, part of an intercormeeted estuary
rep.resenting low inflow/low pumping system that included the Suisun Marsh and
conditions. San Francisco Bay. The Delta was a great

~~’~’~ as als~
inland lake during the flood season until

alinitv modeling w performed for key reclaimed by levees; when the flood waters
~_A~.I~.,.t~ ~t~.,~ -[. locauons w~thm the Delta,/.. ~ receded,              the network of sloughs and

~,~a ’!.~ ~’~-t ~. Four locations channels reappeared throughout the marsh.
.,~ ,,,      were selected to represent existing Runoff to the Delta comes from over 40

...,~o-~’~,t,~,~ conditions: Emmaton. Jersey Point, Old. percent of the state’s land area, including
,_,~ 6*’.,~tA’~.~. River at Rock Slough. and Clifton Court flows from the Sacramento, San Joaquin,
d.~" | .,,/t’�- ,,d~- ’
~- . ~t," ii~ | Forebay Mokelumne, Cosunmes, and Calaveras
~a~" ~ "

rivers and their tributaries.
~’

’ " The first surveys.of the Delta channels were
4.4 Delta Region

4.4.1 Historical Perspective in 1841 and again in 1849 by Lt.
Commander Cadwalader Ringgold of the

Sources of information for the historical U.S. Navy. Due to these surveys, trade
perspective on the San Francisco Bay-Delta between the Delta and upstream
include the California Water Plan Update, communities and the San Francisco Bay
Bulletin 160-93 (DWR 1994) and the Water Area increased. Delta and northern
Quality Control Plan for the San Francisco California communities, already
Bay/Sacramento-San Joaquin Delta Estuary. experiencing a population boom because of
(SWRCB 1995). the Gold Rush, expanded e.ven more as

travel to the area became easier and less
The Sacramento-San Joaquin Delta has beenexpensive.
the focus for a variety of water-related issues,
generating more investigations than any otherIn late 1850, when the Swamp LandAct
waterway system in California in the past few conveyed ownership of all swamp and
decades. Two-thirds of the state’s population overflow land, including Delta marshes,
and millions of acres of agricultural land from the federal government to the state
receive part Or all of their Supplies. The government, the development of today’s
Delta provides-habitat for many species of Delta began..The Califoi’nia legislature
fish, birds, mammals, and plants while created the Board of Swamp and
supporting extensive farming and recreational Overflowed Land in 1861 to manage
activities. The following different interest reclamation projects. The board’s authority
groups have a vital stake in the Delta: was transferred tO county boards of
farmers, fish and wildlife groups, supervisors in 1866.
environmentalists, boaters, people involved
with shipping and navigation, and the people Developers first thought Delta lands would
and industries that receive water from the be protected from tides and river overflow
Delta and the state’s two largest export by levees about four feet high and 12 feet
systems, the SWP and CVP. wide at the bottom. In the 1870s, small-
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4.4.2 Current Resource Conditions Slough. and 15 percent travels down
Georgiana Slough. The remainder continues

4.4.2. l Flows, Velocities, and Stages down the Sacramento River toward the Bay.
In the South Delta, about 60 percent of the San

Average flows, velocities, and stages for high Joaquin River inflow at Vemalis, is diverted to
flow. low inflow/high pumping, and low Old River near Mossdale and 40 percent
inflow/low pumping conditions are presented remains in the San Joaquin River channel and

,/~-’7--~n Table 4.4-1 for a number of locations flows past Stockton. Of the flow diverted to

~ ~
Old River, approximately five percent travels

ft~,’.~( "~. rn~t~~D^~ ....~,), ~,,;~);),~ r~t~ down Middle River toward the Bay, 75
~ ....... ~ ......................... ~ ~

~ ,.,~,.,, ,.,e,,o.,,,,~. /’z,~. percent is carried by the Grant Line Canal, and
~ ~2aigher than current demands; thus,20 percent is carried by Old River toward,the
:~’~.~pump~n~ rates and, therefore, flows toward pumping plants. Water in Victoria Canal, Old

.the pumping plants, may be less for existing River north of Victoria Island, and Middle
~,,~lconditions than those presented in the table. River travels north toward the Bay. The ratio

-~a~ ~" I ÷. " _. of flow in Old River to flow in Middle River is
~e" During periods of high flow. thg Delta C, ro_ss about 1.5. Water from the central Delta flows

u.nannel ~s .,,_o~. ne_~ded to c~.~:’ey ." :’atcr :c t.’-.c- out through the San Joaquin River and through
p,,,~,p¢ i, ~},~ so,_,~h r3~,~�,_ Higher flows are Franks Tract and connecting Channels (False
observed in locations along the Sacramento River and Dutch Slough). Central Delta water
River and in the’North Delta, while flows in includes inflows from the San Joaquin River
the south Delta are generally lower. Average and east side streams, as well as Sacramento
flow rates range from 0 to 185.000 cfs for River flow diverted through Georgiana
high flow conditions, 30 to 6,200 cfs in low Slough. False River carries-a~n~iana~about
flow/high pumping conditions and 30 to 35 percenrofthe central-Delta outflow, and
2.900 cfs for low flow/low pumping Dutch Slough carries about five percent.
conditions. About 60 percent of the total central Delta

"    1~,y_w¢ll’’’N
outflow remains in the main channel of the

.,~a’l-Velocities in the Delta are eeneral San Joaquin River.
. . . gOrv,.tnc;.I . . .’~4~.Ot’og~.t~’catel~ \
19elow Ua.eascour velocity o~three rps except\
at a few |ocations in high flow conditions--] Foi low inflow/high pumping conditions,

t ,;t’  91d River at Mossdale, Grant Lfne Canal, the /approximately 20 percent of the inflow from
D~versmn to Sutter and Steamboat slougl~s,~/the Sacramento River at Hood is diverted to
and the Sacramento Pdver at Rio Vista.~ Steamboat Slough and SuRer Slough, 30
~’,~ ’ ’ is diverted to the Delta Crosspercent
Maps of the average tidal flows, velocities,. Channel, and 20 percent travels down
and stages throughout the Delta based on Georgiana Slough. The remainder continues
modeling are shown in. Figures 4.4-1 through down the Sacramento River toward the Bay.
4.4-3 for the high flow, low inflow/high In the South Delta, the San Joaquin .River
pumping and low inflow/Iowpumping experiences reverse flows. Of the flow in Old
conditions, respectively. For high flow River at Mossdale, approximately 85 percent
conditions, approximately 40 percent of the is carded by the Grant Line Canal and 10
inflow from the Sacramento River at Hood is percent is carried by Old River toward the .
diverted to Steamboat Slough and Sutter pumping plants. Water in Victoria Canal, Old

CALFED Ba.~.Delta Program Bay-Delta Hydrodynamics and giverine Hydraulics
Draft Affected Environment Technical Report July I,. 199"/

14"

H--000268
H-000268



, ¯ River north of Victoria Island. and Middle flows through Turner, Empire, and Columbia
River travels south toward the Delta export Cuts, which connect the upper San Joaquin
locations at the Banks and Tracy Pumping River with Middle River. Central Delta water
Plants. The ratio of flow in Old River to flow includes inflows from the San Joaquin River
in Middle River is about 1.5. Much of the and east side streams, as well as Sacramento
water in thecentral Delta flows south toward River flow diverted through the Delta Cross
the pumping plants. Central Delta water enters Channel and Georgiana Slough. False River,
Old and Middle River channels at their mouths Dutch Slough, and the San Joaquin River carry
and flows through Turner, Empire, and water west toward the Bay.
Columbia Cuts. which connect the upper San
Joaquin River with Middle River. Central Average velocities in the Delta for both low
Delta water includes inflows from the San inflow/lxigh pumping conditions and low
Joaquin River and east side streams, as well as inflow/low puml~inz conditions are below the
Sacramento River flow diverted through the scour veloctty~tl~ ~t~all locations
Delta Cross Channel and Georgiana Slough. within the DeI~ Average velocities in the
False River. Dutch Slough, and the San JoaquinDelta for high flow conditions are generally
River carD’ water east into the Delta. below the scour velocity~, except

on the outskirts. The Sacmmemo River at
For low inflow/low pumping conditions. Hood, diversion ,o Steamboat/Sutter Sloughs,
approximately 20 percent of the inflow from Steamboat Slough. San Joaquin River at
the Sacramento River at Hood is diverted to Upper Roberts Island, Old River at Mosst!ale,
Steamboat Slough and Surter Slough, 35 and Grant Line Canal all have average
percent is diverted to the Delta Cross Channel, velocities higher than 3 fps. However, Grant
and 25 percent travel:; down Georgiana Slough.Line Canal has average velocity of less than
The .-emainder continues down the Sacramento three fps in less than one percent of the
River toward the Bay. In the South Delta, months modeled, the San Joaquin River at
about 80 percent of the San Joaquin River Upper Roberts Island in less than six percent
inflow at Vemalis, is diverted to Old River near of the months mode!;..-& the Diversion.to
M0ssdale and 20 percent remains in the San Steamboat and Sutter Sloughs, Steamboat
Joaquin River channel and flows past Stockton.¯Slough, and the Sacramento River at Hood in
Of the flow diverted to Old River, less than 12 percent of the months modeled,
approximately five percent travels down and Old River at Mossdale in less than 18 ~
Middle River toward th_e Bay, while 60 percent percem of the months modeled.
is carried by the Grant Line Canal and five ¯
percent is carried by Old River toward the
pumping plants. Water in Victoria Canal, Old
River north of Victoria Island, and Middle The fate o~" mass injected into the Delta at "~
River travels south toward the Delta export various locations after 30 and 60 days is

at the Banks and Tracy Pumping shown in Table 4.4-2 for a number of flowlocations
Plants. Old River and Middle River carry conditions. The flow conditions are low ~
nearly equal amounts of this flow. Much of the flow/high pumptng, low inflow/low pumpmg,
water in the central Delta flows west toward the high inflow/high pumping, and medium i0rl
Bay. Central Delta water enters Old and inflow/low pumping. These flow conditions
Middle River channels at their mouths and
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were chosen based on fisheries and wildlife inflow/low pumping conditions. Also, under
issues, low inflow conditions, more mass is trapped

~ on Delta islands.
Most of the mas the San Joaquin
River near Vemalis ends up at the export For mass injected in the San Joaquin River at
locations for all flow conditions except low San Andreas Landing, under high and medium
inflow/low pumping, where more is on Delta inflow conditions, most of the mass eventually
islands due to the decreased demand at the flows past Chipps Island.. For the medium
pumps. None of the mass injected at Vemalis inflow case, the mass takes longer to reach
reaches the Contra Costa Canal or flows past Chipps Island, more reaches the export
Chipps Island except at high inflow/high locations, and more is trapped on Delta
pumping conditions, where a small amount islands. For low inflow/high pumping
flows past Chipps Island. conditions, nearly equal amounts of mass

reach the export locations as flow past Chipps
For the mass injected at Terminous for low Island. For low inflow/low pumpmg
inflow/high pumping and medium inflow/low conditions, the mass is fairly evenly distributed
pumping conditions, most of the mass for reaching the exports, being trapped on
eventually goes to the exports, very little flows " Delta islands, flowing past Chipps Island. and
past Chipps Island and flows to the Contra remaining in Delta channels after 60 days.
Costa Canal, and some is trapped on Delta
islands. For low inflow/low pumping For mass injected into the San Joaquin River
conditions, less mass flows to the exports, and at Prisoners Point, for low and medium inflow
most of the mass is eventually trapped on Delta conditions, most of the mass reaches the
islands. For high inflow/lfigh pumping export locations and more is trapped on Delta
conditions, most of the mass flows past Chipps islands for low pumping conditions than for
Island. high pumping conditions. For high flow

conditions, most of the mass flows past Chipps
For the mass injected into the Sacramento Island. with a small amount reaching the .-
River at Freeport, for low inflow/high pumping export locations.

~ .~I.0.#~,_conditions, most of the mass flows past Chipps t
Island. For low inflow/low pumping This analysis of the fate of mass ~ into
conditions, more mass is trapped in Delta Delta waterways at various locations isbased
islands and Delta channels, and waterways afteron DWRDSMI modeling using predicted "
60 days. For both high ancl medium inflow 2020 demands and an increased pumping
conditions, most of the mass flows past Chipps capacity at the export locations. Both of these
Island, though the mass takes longer to do so components would increase the pumping that
under medium flow conditions, occurs and, therefore, would increase the mass

traveling to the export locations. Therefore.
For the mass injected in the Sacramento River under existing Delta conditions, there would
at Rio Vista and in the San Joaquin River at likely be less mass reaching the export
Jersey Point, for all flow conditions, most of locations and more flowing past Chipps Island
the mass flows past Chipps Island. The mass isand becoming trapped on Delta islands.
quickest to reach Chipps Island in the high
inflow case and the slowest under the low
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¯’ Table 4.4-2. Fate of mass Jn.je.rA~ at specific locations for existing conditions.
,- : Low Inflow/ Low Inflow/ High Inflow/ Medium Inflow/

High Pump!ng Low Pumping High Pumping Low Pumping
Vernalis              30 days 60 days 30 days 60 days 30 days 60 days 30 days 60 days
Chipps Island 0% 0% 0% 0% 4% 8% 0% 0%
Contra Costa Canal 0% 0% 0% 0% 1% 1% 0% 0%
Exports 67% 72% 3 ! % 32% 88% 91% 77% 87%
Islands 18% 20% 61% 64% 0% 0% 10% 1 i%
In Delta 15% 8% 6% 4% 7% 0% 13% 2%
Terminous 30 da~s 60 days 30 days 60 days 30 days 60 days 30,,days 60 days
Chipps Island 0% 4% (Pi~ .1% 56% 78% I% 8%
Contra Costa Canal !% 3% 1% 3% 1% 1% 0% 0%
Exports 19% 56% 10% 29% 14% 20% 25% 64e/~
Islands ! i% 15% 39% 54% 0% 0% 8% 12%
In Delta 69% 20% 49% 12% 29% I% 66% 16%
Freeport 30 days 60 days 30 days 60 days 30 days 60 days 30 days 60 days
Chipps Island 19%, 46% 10% 28% 98% 99% 69% 81%
Contra Costa Canal 1% 2% 1% 3% 0% 0% 0% 0%
Exports 6% 22% 4% 15% 1% 1% 5% 10%
Islands 8% 11% 26% 35% 0% 0% 3% 4%
In Delta 65% 20% 59% 19% 1% 0% 23% 4%
Rio Vista 30 days 60 days 30 days 60 days 30 days 60 days 30 days 60 days

~ Chipps Island 50% 79% 35% 62% 100% 100% 87% 94%
~ Delta Cross Channel 1% 1% 1% 2% 0% 0% 0% 0%

Exports 2% 5% 2% 5% 0% 0% 2% 3%
Islands 2% 3% 8% 11% 0% 0% I% 2%
In Delta 45% 12% 55% 19% . 0% 0% 10% 1% ¯
Jersey Point 30 days 6t) days 30 days 60 days 30 days 60 days 30 days 60 days
Chipps Island 40% 72% 27% 55% 98% 99%. 62% 82%
Contra Costa Canal 1% 2% 2% 3% 0% 0% 0% 0%
Exports 7% 9% 6% 9% I% 1% 8% 10%
Islands 3% 4% 9% 12% 0% 0% 3% 4%
In Delta 49% ! 3% 56% 20% 1% 0% 27%’ 4%
San Andreas Landing 30 days 60 days 30 days 60 ,days 30 days 60 days 30 days 60 days
Chipps Island 13% 39% 6% 23% 94% 97% 26% 51%
Contra Costa Canal 2% 3% 3% 5% 0% ¯ 0% 0% 0%
Exports 15% 33% 12% 28% 3% 3% 18% 34%
Islands "         - 4~ 7% 14% 23% 0% 0% 4% 6%
In Delta 66% 18% 65% 21% 3% 0% 53% 9%
Prisoners Point 30 days 60 days 30 days 60 days~ 30 days ’60 days 30 days 60 days
Chipps Island 2% 10% 1% 6% 74% 87% 6% 16%
Contra Costa Ca~al 3% 4% 4% 6% I% 1% 0% 0%
Exports 42% 68% 30% 49% 10% 12% 47% 72%
Islands 5% 8% 21% 31% 0% 0% 4% 6%
In Delta 48% 10% 44% 9% 15% 0% 43% 6%
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4.4.2.3 Net Delta Outflow Table 4.4-3 shows the distribution of monthly
averaged net Delta outflow for existing

The Delta is a tidal region with tides causing a conditions based on DWRSIM modeling.
~,~- to eight-mile back and forth movement of From 1923 through 1994, average annual

water in the Delta twice each day. The~ n,-�" " Delta outflow was 20,700 cfs and ranged from
movement of fresh water through.the Delta can 5,500 cfs to 94,300 efs. Monthly average
be thought of as being superimposed on the flows are frequently as low as 3,000 cfs in the
tidal flows. The.tidal flows into and out of the summer and as high as 148,000 cfs in ~vinter

_o0~,:l)elta4g~.-.~n~4o cancel each other out; thus. (five and 95 percentiles, respectively):
tan equal amount of water flows into the Delta"
"and th~n flows back out with no net movement February typically has the greatest variation of
(!of water through the system. Although the net Delta outflow, ranging from 11,000 cfs to
I fresh water river flows are small in comparison 148,000 cfs fo~: the fifth and 95th percentiles,
to the tidal flows, they are the source of "net" respectively, in addition to the largest median

~ anovement in and through the Delta. flow of 31,000 cfs. August has the least
~fl~" variation of net Delta outflow, ranging from
Net Delta ouffiow is thought to be the means 3,000 cfs to 5,000 cfs for the fifLh and 95th
that fish use to navigate upstream, that fish percentiles, respectively. The low flows are
eggs and larva n ove through the Delt  and, commor y a motion o the Delta
.td~tt-d~ssolved substances, such as salt, are outflowrequirements.
flushed through the Delta. SWRCB has used
Delta outflow. Sacramento River flow at Rio 4.4.2.4 Central Delta Outflow
Vista. and San Joaquin River flow at.Vemalis _ ~.-
to create Water Quality Objectives in its water ~             Delta outflow is the existenceot 
quality, control plan (1995). The objectives setf reverse flows in the lower San Joaquin~er
minimum flow requirements at these points k.__and in the southern Delta ~ge
during specific times of the year. export pumping plants of the CVP and SWI~

cause water in the southern channels to move
   _outfl w.  pr nts the net’flow ,’Z,- upstre  to, d Caaon two tcnm

me-:~acramento t~tve~aear~t..mpps ~siana used to describe and ~ompute reverse flow are
moving out of the DeRa. Net Delta outflow QWEST and Central Delta Outflow. QWEST
cannot easily be measured because of the large represents the flow in the lower San Joaquin.
overshadowing effect of_the tidal flows. River at Jersey Point; Central Delta outflow

represents the net flow in the San Joaquin
The average tidal flow at Chipps Island is about"River upstream of Three Mile Slough plus

.,.~,170,000 efs. The peak tidal ebb and flood False River and Dutch Slough. Only cenwal
flows are abo.ut .320,000 cfs an.d 310, .00~qfs, __ut~,Delta outtlow is diseussed here.
respeettvelyj lq~h~ ~mpansort, averse winter net
Delta outflow ~s about 32,000 ¢fs, wtth summer .Central Delta outflow represents the ne(flow
time flows averaging 6,000 cfs (DWR 1993). in the San Joaquin River upstream of Three
Net Delta out~10w_.is the_difference between the Mile Slo.ugh plus False River and Dutch
inflows and~a°atfltgws,. (exports and channel Slough. Central Delta outflows are either
depletions). " downstream in a typical flow pattern or drawn

upstream toward the export pumping plants in

CALFED Bay-Delta Program Bay-Del~a Hydrodynamics and Riverine Hydraulics
Draft Affected Environment Technical Report July I. 1997

22

H--000272
H-000272



the southern Delta. Reverse flows are a result 4.4.2.5 X2 Position
of high export pumping in the southern Delta
compared to the low inflows of the San ~ The X2 position represents the app.roximate
Joaquin River and southern channel capacities, location of the beginning of the entrapment
The difference between the exports and the zone, or mixing zone, of seawater from the
southern Delta inflows are made up from the bay and fresh water from the streams. The X2
Sacramento River and east side streams, position is the theoretical location of the two
drawing water across the Delta from the north parts per thousand salinity isohaline. The .,~,
and west to the south, location of X2 varies in relationship to net ..,~’~ .I~

Delta outflow and the tidal cycle¯ X2 is .0~
Upstream flows’appear to occur in every year measured in kilometers from the GoldenGa.te ~ o> ~ ~’’-,’~"
between 1976 and 1991, except in 1983, which Bridge upstream to the Sacramento River.    ,/.’o
experienced the highest Delta flows on record During high Delta outflows, X2 can be located
(66,000 TAF). During the 1976-1977 drought near Suisun Bay; with low Delta outflows, X2 ¢ ~.~
and the 1987-1991 drought, flows were almost can be located in the western Delta, 4:..~o~
always upstream. Frequency analysis of centralsometimes as far upstream as Jersey Point.~.,.t)~’~,
delta outflows indicates that approximately 60 The tide can move X2 from three to 10 51’,,~�~°r.,.,"
percent of the monthly averaged flows are in kilometers each day (California State Lands~t-~,~
the upstream direction. Commission 1991). As with other standards,

X2 is part of the DWRSIM operation decision
Table 4.4-I shows the distrib.ution of monthly structure.A comparison of percentiles is
averaged central delta outflow for existing presented ~o help evaluate impacts in Delta
conditions based on DWRDSM 1 modeling, outflow, changes in the entrapment zone, and
These flows are based on modeling of the Delta potential impacts.on the Bay.
with existing Delta ge6metry and.predicted
2020 demands, which are higher than current Table 4.4-5 shows the distribution of
demands; thus. pumping rates may be less for computed X2 positio.ns obtained from
existing conditions, and ma~m~itudes of central DWRSIM simulation for existing conditions.
delta outflow may be less extreme than those X2 ranges from 42 kilometers in March 1983
shown in the table, to about 90 kilometers in Augus .t, September,

and October (years 1929, 1931, 1933).
Central Delta outflows show typical winter and
spri_gg characteristic flows and summer and fall 4.4.2.6 Salinity
characteristic flows. Median flows in mid-
winter through spring are downstream, while A key factor in the health of the Delta is the
median flows in summer through fall are relationship between salinity and the ecology
upstream. Approximately 70 percent of the of the estuary. During the dry season, salt
central delta outflows in the late winter through water from the Pacific Ocean moves landward
spring are do~,~ZLstream. Flows in April are within the Bay to the Delta; during the wet
always downstream. Approximately 70 percent winter season, salt water moves seaward,
of the central delta outflows in the summer and driven by theincreased discharge of fresh
fall are in the upstream direction, water. The principal sources of fresh water to

the Delta are the Sacramento River and San
Joaquin River. Salinity also varies from year
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¯ ~ about 85 miles from the east end of Chipps landward-flowing salt water (driven by tides)
Island (in Suisun Bay near the city of Antioch) are most pronounced. Salt water tends to
westward and southward to the mouth of move landward under river water since it is
Coyote Creek (tributary. to South Bay near the slightly heavier than fresh water. However,
city of San Jose). The Golden Gate connects this effect is seen only slightly in the upper .,~.
San Francisco Bay to the Pacific Ocean. Bay and Delta. The complex circulation

patterns cause a concentration of small plarits,
San Francisco Bay has a surface area of about "larval fish, and other animals within this zone.
400 square miles at mean tide. This is about a .This area of concentration is called the
40 percent reduction from its original size due entrapment zone, or zone of maximum
to fill. Most of the Bay’s shoreline has a fiat turbidity, and is a feature of all estuaries that
slope, which causes a relatively large intertidal receive significant amounts of fresh water. The
.zone. The volume of water in the Bay changeslocation of the entrapment zone in the Suisun
by about 21 percent from mean higher-high Bay and adjacent extensive areas of productive
tide to mean lower-low tide. The overall shallow water is considered to be an important
average depth of the Bay is 20 feet, with the ecological feature of the Bay-Delta Estuary
Central Bay averaging 43 feet and the South complex. This zone moves upstream and
Bay averaging 15 feet (DWR 1986). San downstream in the estuary depending on the
Francisco Bay is surrounded by about 130 amount of fresh water outflows. X.2 is used to
square miles of tidal flats and marshes, define the location of the entrapment zone in

kilometers from the Golden C/ate Bridge. It is
Delta outflow is the principal source of fresh thought to be best when located near Suisun
water in San Francisco Ba.v. Delta outflows Marsh, which occurs during high flows.
vary greatly according to month and hydrologic During low flows, X2 can be as far upstream
year .type. During critically dry periods, such as as Jersey Point.
1928 and 1934. historical Delta outflows have
dropped to zero. Present summer outflows are Adjacent to Suisun Bay is ~e ~.,ui,’.s~..u~.,~..M_...~a~_h~..::
maintained by upstream reservoir releases. Suisun Marsh is about 80,000 acres of

brackish water containing a significant    ,� ,~
San Francisco Bay receives freshwater inflow percentage of the remaining eontiguous~
from the following other significant sources: wetlands in California. This managec~marsh
the Napa, Petaluma. and Guadalupe rivers, andalong with the other tidal wetlands around the
Alameda, Coyote, Walnut, and Sonoma creeks.Bay-Delta Estuary, provide valuable habitat
The total average inflow of these lributaries is for a variety of plants and animals, especially
about 350 thousand acre-feet. Stream flow is waterfowl. They also contribute significant
highly seasonal, with more than 90 percent of amounts ofntm’ients to the estuadne system.
the annual runoff occurring during November
through April. Many streams often have very Below the Carquinez Strait are the San Pabio
little flow during mid- or late-summer, and central San Francisco bays. Carquinez

Strait isolates these bays from the Suisun Bay
~g,/~ ~ Below the Delta, the fast embayment is:~..ui.’sun. - -and the Delta and allows such oceanic

Honker bays, is the area where the effects of their salinity and circulation. These
,~ mixing seaward-flowing fresh water and embayments can become quite fregh,

CALFED Ba.~-Delta Program . Bay-Delta Hydrodynamics and Rivedn¢ Hydraulics
Draft Afli:cted Environment Technical Report July !, 1997

29

H--000274
H-000274


